Females of simuliid black flies are haematophagous insects and vectors of several pathogenic agents of human diseases such as the filarial worms Mansonella ozzardi and Onchocerca volvulus. The genus Cerqueirellum is one of the most important groups of vectors of mansonellosis and onchocerciasis diseases in south America, and the genera Coscaroniellum and Shelleyellum are phylogenetically close to Cerqueirellum. There is not yet an agreement among authors about the generic classification of the species which compose these three genera, being all lumped by some taxonomists within Psaroniocompsa. A cladistic analysis of all species of Coscaroniellum, Cerqueirellum, and Shelleyellum, based on 41 morphological characters were done. species closely related to Cerqueirellum were included in the analysis. The genera Cerqueirellum, Coscaroniellum and Shelleyellum were demonstrated as consistent basal entities and well-defined monophyletic clades.
the synonymisation of the genus Shelleyellum with Simulium s.l. latreille done by shelley et al. (2006) .
Because of the nomenclatural problems of the supraspecific clades between the species of Cerqueirellum, Coscaroniellum and Shelleyellum, and considering the medical importance of some species, it is necessary to establish phylogenetic relationships between them.
MaterIal and Methods
For this study, we examined immature and adult morphology of holotypes, paratypes or topotypes of simuliidae from the Collection of simuliidae of instituto nacional de Pesquisas da Amazônia (inPA/leTeP). Morphological characters of Cerqueirellum sanguineum (we have only examined larvae previous to the last instar), Coscaroniellum cerradense (complementary data provided by Dr. sixto Coscarón, Museo de la Plata, Argentina) and Shelleyellum tergospinosum were analyzed based upon information contained in their original descriptions and additional bibliography (shelley, 1982; smart, 1942; Ramírez-Pérez et al., 1982; Py-Daniel, 1983; Goeldi, 1905; lutz, 1910; 1917; Cerqueira and nunes de Mello, 1964; Tidwell et al., 1981; Knab, 1915; Coscarón et al., 1992; Hamada, 2000) . For all other species this information was obtained through examination of specimens using binocular stereoscopic microscopy and compound microscopy. specimens of some species were slide mounted.
Photographs of the black flies were obtained using a synoptics composite image analysis system from the ilMD/ FioCRuz-AM. Those images were stored on CD disks and deposited in the Collection of simuliidae from inPA and the Biological Collection of the ilMD/FioCRuz-AM.
The supraspecific denomination of taxa follows that of Py-Daniel and Moreira-sampaio (1994; . The gill formula is based on Py-Daniel and . The cladistic analysis included all known species of Cerqueirellum, Coscaroniellum and Shelleyellum as inner group (21 species), plus three relative species: Psaroniocompsa minuscula (lutz), P. delponteiana (Wygodzinsky) and P. incrustata (lutz). Aspathia metallica Bellardi was used as outgroup. The species Coscaroniellum rassi, we examined just the mounted pupa of the holotype and we did not find any difference of Coscaroniellum quadrifidum, so we decided not to include in this study. A total of 41 morphological characters (Table 1) were used: 16 from adults (characters 1-16), 8 from pupae (characters 17-24) and 16 from larvae (characters [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] and are illustrated in figures: 1-6. The methodology used for the cladistic analysis was based on Miranda-esquivel and . Firstly, was done an analysis by HenniG86 program Windows version (Tree Gardener, version 2.2) (Ramos, 1996) , and the algorithm ie* implicit enumeration. with microtrichia uniformly distributed, except in the basal area, distally divergent, with light sclerotisation on inner margin (Fig. 1e) , cerci rounded, paraproct short with rounded border (Fig. 1f-g ). Male: Ratio of the first flageromere size/ wide not bigger than 1.5 (Fig. 1h-i) . scutum with 1+1 black, submedian silvery cunae extending for more than half of scutum, but generally not adjoining with silvery posterior area; length of cunae change with the light position, lateral borders with silver strips. Basimere rectangular/subrectangular, distimere shorter than basimere, with one or two subtriangular strong spurs on the apical or subapical margin (Fig. 1j-l) . Pupa: General coloration light brown, gill pale. Cocoon light brown, slipper shaped (except in C. argentiscutum); gill comprised of four to ten branches ( Fig. 2a-h ), filaments ½ to subequal length of cocoon. Frontoclypeus with abundant, rounded platelets (Fig. 2i) ; 1+1 small hair like trichomes, not bigger than 1/3 of frontoclypeus wide, simple or bifid facial trichomes and 2+2 simple or bifid frontal trichomes as long as facial trichomes . Thorax with 5+5 hair like anterodorsal trichomes, bifid (usual) to quadrifid ( Fig. 2m-n) , 1+1 supralateral, 3+3 lateral simple or bifid hair like trichomes. Thorax with abundant, rounded and semi-elliptic platelets near wing sheath. Postscutellar bridge with 1+1 small and hair like simple setae; abdominal tergite i with 1+1 sublaterally hair Cladistic analysis of the Neotropical genera Cerqueirellum py- Daniel, 1983 , Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 (Diptera: simuliidae) Cladistic analysis of the Neotropical genera Cerqueirellum py- Daniel, 1983 , Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 like setae; tergites ii and iii without spine combs (Fig. 2o) (except in C. oyapockense, Fig. 2p ); tergite ii with 5+5 hair like setae; tergites iii and iV with 4+4 hooks on posterior margin, 1+1 spiniform setae between 1+1 outermost hooks, and 2+2 spiniform sublaterally setae; tergite V with 5+5 submedian hair like setae, tergites Vi-iX with 1+1 spine combs in the anterior margin; tergites Vi-Viii with 3+3 submedian hair like setae. Tergite iX with 1+1 small curved terminal spurs. Abdominal sternites iii-Viii with 1+1 groups of spine combs medially on the anterior margin. sternite iV with 1+1 submedian bifid or trifid hooks and 2+2 submedian simple setae; sternite V with 2+2 bifid hooks, separated by a longitudinal median striation, and 2+2 submedian lateral setae to outermost hooks; sternites Vi-Vii with 2+2 simple to quadrifid submedian hooks and 3+3 simple setae. larva (last instar): Abdomen length 3.6-4.0 mm; head capsule lateral length 0.35-0.45 mm. General coloration (in alcohol) white with dorsal greenish to greenish transversal rings along body, without fixed pattern, with a dark stripe around the first abdominal segment. Cephalic apotome with positive spots, simple to multibranched well developed setae (Fig. 3a-c) . Cervical sclerites small, elliptical free in membrane. Antenna longer than cephalic fan stem (except C. argenstiscutum); distal, medial, and proximal articles of similar size (1:0.9-1.0:0.9-1.0) (Fig. 3d-f ). labral fan of between 16 and 45 primary rays, microtrichia rows of primary labral fan rays following the standard pattern (Palmer and Craig, 2000) , microtrichia uniforms, with the same size, or with not uniform sequences, but not being of weak complex pattern (Palmer and Craig, 2000) (Fig. 3g-h ). Mandible with 1 apical, 2 external, 3 subapical teeth (being the first bigger than the others); 5 to 10 internal teeth, the first internal tooth subequal to the third subapical tooth; two marginal teeth, first large, second small to residual; 1 or 2 simple teeth. lateromandibular process (PlM) absent or present, labral sclerite subtrapezoidal, covered with long setae and with 3+3 apical teeth. Mandible with a fringe of supramarginal setae (ssM) in the basal area ( Fig. 3i-k) . Hypostomium with central tooth, 1+1 corner teeth, 3+3 intermediate teeth, with equal or sub equal size, all teeth at same level; 2+2 lateral teeth. 3-7 lateral serrations, 3-4 hypostomal setae per side, and 1+1 setae in distal margin of hypostomal plate ( Fig. 3l-n) . Deep gular cleft longer than wide, subcircular or submitral; narrow or absent hypostomal bridge ( Fig. 3o-p) . Distal adoral brushes with predominant setae of simple to multiple tips (3q-r). Anal sclerite X-shaped, multilobed anal gill. Ventral tubercles small or absent.
GeOGRAPhICAL DIstRIBUtION AND ReMARKs
The geographic distribution of the genus Cerqueirellum comprises the south and Central America; from Mexico to northern Argentina. This is a typical genus of large rivers, which is reflected in the type of microtrichia.
Characterization of the Genus Coscaroniellum Py-Daniel, 1983
DIAGNOsIs Adults: General coloration black, head with blue greenish pruinosity, body length 1.3-2.4 mm. Antennae dark brown with scape, pedicel and first flagellomere orange brown, all the three antennal segments proportionally long, female antennae longer than male, mouth parts and palps dark brown. sc, R 1 and R 2 wing veins without setae, including the basal area. Female: Head dichoptic, fronto-ocular triangle reduced to expanded, with infraocular suture, ratio of fronto-ocular area (AFo) high/wide 1.5-2.5 ( Fig. 4a-b) . Cibarium with basal sclerotised area, central deep with rounded teeth and 1+1 submedian elevation with small or large acuminate and rounded teeth, extending from cornua edge ( Fig. 4c-e) . Tarsal claws curved with basal tooth (Fig. 4f-g ). Calcipala and pedisulcus present. Gonapophyses subtriangular, with microtrichia well distributed, until the basal part, distally divergent with slightly sclerotized inner margin (Fig. 4h) . Genital fork stout and sclerotised, spatulate stem longer than lateral arms, cerci rounded, paraproct medium with rounded border (Fig. 4i-j) . spermatheca subspherical, with cuticular microspines, spermathecal ducts and area of attachment unpigmented. Male: Ratio of first flageromere length/ wide bigger than 1.5 ( Fig. 4k-m) ; basimere rectangular/ subrectangular, distimere with podomorphic format, with one large, flat and strong apical or subapical spur (Fig. 4n-p) . Pupa: General coloration light brown, gill pale. Cocoon light brown, slipper shaped, with reinforced anterior margin, anterodorsal projection not uniform, lateral projections can be expanded. Frontoclypeus with abundant, acute, subtriangular platelets, but can occur rounded platelets in some species (Fig. 5a-b) ; 1+1 long (bigger 1/3 of frontoclypeus wide) hair like, simple or bifid or trifid facial trichomes and 2+2 simple, bifid or trifid frontal trichomes as long as facial trichomes (Fig. 5c-e) , external surface of antennal sheaths not covered with tubercles. -Daniel & pessoa, 2005 (Diptera: simuliidae) Gill with four to eight branches ( Fig. 5f-k) , gill length bigger than cocoon length. Thorax with 5+5 centre-dorsal hair like bifid or trifid trichomes (Fig. 5l-m) , 1+1 supralateral bifid hair like trichomes, 3+3 lateral simple or bifid hair like trichomes, chaetotaxy of abdominal segments similar as described to Cerqueirellum. Larva (last instar): Cephalic apotome with very small positive spots with, simple hyaline setae (Fig. 6a) . Cervical sclerites small, elliptical, not fused to postocciput, free in membrane. Antenna longer than cephalic fan stem; the medial segment can be smaller than the other segments ( Fig. 6b-c) . labral fan with 16-45 primary rays, rows of microtrichiae following the weak complex pattern (Palmer and Craig, 2000) ( Fig. 6d-e) . Mandible without fringe of supramarginal setae; 1 apical, 2 external, 3 subapical teeth, third smaller or equal than second and both smaller than first, 9 to 12 internal teeth, the first internal tooth subequal to the first subapical tooth; 2 marginal teeth (being the first large, the second smaller than the first) emerging in a lamellar projection of the first tooth base; 1 or 2 latero-mandibular process can be simple or scale-like ( Fig. 6f-i) ; labral sclerite subtrapezoidal, covered with long setae and with 3+3 apical teeth. Hypostomium with central tooth equal to 1+1 corner teeth, 3+3 intermediate teeth which median tooth at least half of external tooth. lateral teeth (2+2), 1-4+1-4 lateral serrations, 1-4+ 1-4 hypostomal setae per side, and 1+1 setae on distal margin of hypostomal plate (Fig 6j-l) .). Hypostmal cleft longer than wide, subcircular or submitral; narrow or large hypostomal bridge ( Fig. 6m-o) . Abdomen with anal sclerite X-shaped, multilobed anal gill. Ventral tubercles well developed.
Cladistic analysis of the Neotropical genera
Cerqueirellum py-Daniel, 1983, Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 (Diptera: simuliidae)Cladistic analysis of the Neotropical genera Cerqueirellum py-Daniel, 1983, Coscaroniellum py-Daniel, 1983 and Shelleyellum py
ReMARKs
The geographic distribution of the genus Coscaroniellum comprises south and Central Americas; from Mexico to the northeastern Region of Brazil. This is genus of small to medium rivers, which is reflected in the type of microtrichiae. Pessoa (2004) included C. quadrivitattum in the genus Coscaroniellum, follwed by Coscarón & Coscarón-árias (2007) . This is an important species because it is a vector of some human filariasis and antropophilic.
Characterization of the Genus Shelleyellum Py-Daniel & Pessoa
Recently, Py-Daniel and characterized and illustrated Shelleyellum and to avoid repetition of information, they will not be included here.
CLADIstIC ANALysIs:
list of characters, character states and codes used for cladistic analysis of Cerqueirellum, Coscaroniellum, Shelleyellum, relative species (Psaroniocompsa) and outgroup. (1) unsclerotised. 6. Central area angle of the cibarium: (0) straight; (1) concave. 7. Concavity of the central area of cibarium: (0) without concavity; (1) concavity with proximal opening as width as the bottom; (2) concavity of proximal opening wider than bottom. 8. Tooth from central area of cibarium: (0) absents or very small; (1) acuminate; (2). rounded. 9. 1+1 lateral elevation in the central part of cibarium: (0) absent (1) with rounded and acuminate small tooth; (2) acuminate tooth of similar height to cornua. 10. Base of cibarial cornua: (0) with a very small styled like tooth; (1) acuminate tooth. 11. Female gonapophyses: (0) with microtrichia reaching the apex; (1) with microtrichia not reaching the apex. 12. Paraproct (length): to cerci (length): (0) large (bigger than cerci), (1) medium (subequal to cerci); (2) small (not surpass cerci). 13. Basal tooth in tarsal claws: (0) well developed; (1) small; (2) absent. 14. Distimere: (0) long (bigger than the basimere); (1) short (smaller than the basimere) and podomorphic; (2) Cladistic analysis of the Neotropical genera Cerqueirellum py- Daniel, 1983 , Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 19. Pupal fronto-clypeus platelets: (0) predominantly rounded; (1) predominantly acuminate; (2) predominantly rectangular; (3) absents. 20. Pupal thoracic platelets: (0) predominantly rounded; (1) predominantly acuminate. 21. Centro-dorsal trichomes length of pupal thorax: (0) normal (near 200µm); (1) small (< 100µm). 22. Gill length: (0) longer than cocoon length; (1) equal or subequal to cocoon length (ratio 0.75-1.1); (2) smaller than cocoon length (ratio equal or less than 0.7). 23. Tergite ii of pupal abdomen: (0) without small tooth; (1) with small tooth. 24. Cephalic larval apotome: (0) (1) present. Coscarón (1987) mentioned that smooth basal portion of cibarium is a synapomorphy for Psaroniocompsa and Cerqueirellum. However, rounded tooth have been observed in the cibarium basal portion of P. incrustata, P. delponteiana, P. anamariae (Vulcano) and P. schmidtmummi (Wygodzinsky). smooth concavity or very small teeth are presents in Cerqueirellum and P. minuscula.
shelley et al. (1987) proposed the hypothesis about the vectorial capacity of some simuliid species being optimized by the disarmed cibarium, e.g.: Thyrsopelma guianense (Wise) and A. metallica. Miranda-esquivel and Coscarón (2001) and registered the occurrence of tooth in T. guianense. Reid (1994) also found small tooth (spicules) in cibarium of A. metallica. Probably there are other mechanisms that govern the vectorial efficiency besides the absence (not occurring in A. metallica) or presence of tooth.
We follow the classification of labral-fan structure proposed by Palmer and Craig (2000) . Here we found "standard" (the longest microtrichia is no longer than six times the length of the shortest microtrichia) and "weak complex" (the longest microtrichia is at least six times the length of the shortest microtrichia) fans type. The standard pattern was isomorphic (when all microtrichia had the same size) and not isomorphic (microtrichia were in different size, but not like the weak complex pattern). The weak complex pattern was found in species from small to medium streams (Coscaroniellum, Shelleyellum, P. incrustata, A. metallica). The standard pattern was observed in species from large streams (Cerqueirellum and P. minuscula).
The supramarginal setae of larval mandible can be found as very long setae in the Holoartic larvae of Gymnopaidinae, in the genera Gymnopais, Twinnia and Greniera (Py-Daniel and Moreira-sampaio, 1995). However, these setae are very long in these genera (Py-Daniel, 1983) .
The character "tubercles on larval abdomen" were only found in Shelleyellum genus species for neotropical region. Thyrsopelma guianense (Wise), not phylogenetically near the genera examined here, was cited with tubercles by shelley et al. (2002) as an atypical form, but probably is a technical error (preservation artifact). larvae of Byssodon Paleartic genus and one Edwardsellum afrotropical genus have theses tubercles too Cladistic analysis of the Neotropical genera Cerqueirellum py- Daniel, 1983 , Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 (Diptera: simuliidae) (shelley et al., 2002) . They are neither phylogenetically related with the genera studied here and the presence of tubercles is considered here as a convergent character.
Topology of the cladograms: Three equally parsimonious trees were obtained from the phylogenetic analysis. A strict consensus of these three trees of 114 steps (Ci=55; Ri=78) was obtained (Fig.7) .
The genus Cerqueirellum is found to be a monophyletic taxon, supported by five synapomorphies: concavity of the central area of cibarium with proximal opening as width as the bottom (character 7:1); distimere short and sub-triangular (character 14:3); apical spur sub-triangular (character 16:2); larval mandible with fringe of supramarginal chaetae (character 30:1); internal teeth of larval mandible with the first teeth equal or subequal the height of the last two pre-apical teeth (character 34:1), which although is a morphometric character, is stable in all examined specimens. Four convergences supporting the genus Cerqueirellum are indicated in the figure 7. The first dichotomy occurs with C. ganalesense and the group (C. oyapockense, C. roraimense) (C. sanguineum (C. cuneatum, C. venezuelense) (C. amazonicum (C. argentiscutum, C. chaquense))) by the apomorphy 28:2 (microtrichiae standard not-isomorphic). The second dichotomy separates the group (C. oyapockense, C. roraimense) from the group (C. sanguineum (C. cuneatum, C. venezuelense) (C. amazonicum (C. Argentiscutum, C. chaquense))) by the synapomorphy 27:1 (labral fan with less than 30 fan rays), the number of fan rays shows considerable intraspecific variation in simuliidae, being considered a weak character. Besides its number is related to the avaliable food in the environment, so larvae that live in low food environments have more rays than conspecifics that receive more food (c.f. lucas and Hunter, 1999) ; however this character is used here just to separate this specific clade inside the Cerquereillum in order to avoid a politomy of reliable species). C. sanguineum is dichotomized with the group (C. cuneatum, C. venezuelense) (C. amazonicum (C. argentiscutum, C. chaquense))) by the apomorphy 32:2 (absence of lateromandibular process). The following dichotomy separates the group (C. cuneatum, C. venezuelense) from the group (C. amazonicum (C. argentiscutum, C. chaquense)) just by convergences; the next dichotomy separates C. amazonicum from the group (C. argentiscutum, C. chaquense). To all formed groups, only (C. cuneatum, C. venezuelense) apparently is well defined, with Bootstrap values relatively high (60) formed by convergence 21:1 (presence of predominant triangular tubercles in pupal thorax). C. venezuelense has been few studied, and the larva is not known, therefore is necessary to examinate more specimens of this species to establish if this group is artificial or not. other characters as cytotaxonomy and molecular dates probably will help to elucidate the politomies found here in Cerqueirellum.
The genus Coscaroniellum was supported by three unique synapomorphies and three contradicted synapomorphies (convergences) (Bootstrap = 67): 1+1 lateral elevation in the central area of cibarium with rounded and acuminate small tooth (9:1); 1+1 lateral elevation in the central area of cibarium with acuminate tooth of similar height to cornua (9.2), which distinguishes C. quadrivittatum inside of Coscaroniellum and separate it from the group (C. daltanhani (C. cerradense (C. goeldii, C. ulyssesi) (C. cauchense, C. quadrifidum )))); distimere short and podomorphic (14:1); and median intermediated hypostomal tooth of the larvae not surpassing the half size of the external intermediate tooth (36:1) (although this is a morphometric character, it is stable in all examined Cladistic analysis of the Neotropical genera Cerqueirellum py- Daniel, 1983 , Coscaroniellum py-Daniel, 1983 and Shelleyellum py-Daniel & pessoa, 2005 specimens). The other characters that define Coscaroniellum are not unique synapomorphies for the clade (Fig. 7) . The second dichotomy separates C. daltanhani from the clade (C. cerradense (C. goeldii, C. ulyssesi) (C. cauchense, C. quadrifidum )))); and is caused by two convergences (Bootstrap 59). The following dichotomy separate C. cerradense from group (C. lateral carina (14:4) and tergites of larval abdomen with tubercles (38:1). Shelleyellum clades have a Bootstrap value of 61, lower than Cerqueirellum and Coscaroniellum, but not lower than other analysis as Trichodagmia enderlein (Miranda-esquivel and Coscarón, 2001) and Hearlea (Vargas, Martínez-Palacios & Díaz-nájera) (Coscarón et al., 2004) . The topology of the clade has the following configuration: The first dichotomy separates S. tergospinosum from the group (S. siolii (S. guaporense (S. damascenoi, S. lourencoi))))) by two convergences; the second dichotomy separates S. siolii from the group (S. guaporense (S. damascenoi, S. lourencoi))) by the character 26:2 (larval antennal segment ii a third size bigger than segment i or iii); the last dichotomy separates S. guaporense from (S. damascenoi, S. lourencoi). These internal dichotomies have not support when submitted to the Bootstrap test (Fig. 8) .
conclusIons
According to the analysis showed in this paper, the genera Cerqueirellum, Coscaroniellum and Shelleyellum are monophyletic. The species Psaroniocompsa minuscula sensu PyDaniel (1983; 1988) , included in Amazonicum -group sensu shelley (1982) and Crosskey and Howard (1997; and in Cerqueirellum sensu Coscarón (1987) , and P. delponteiana sensu (Py-Daniel, 1983) , included as Cerqueirellum sensu Coscarón (1987) , do not belong to Cerqueirellum in the cladistic analysis and they kept paraphyletic between them and with P. incrustata, so we decided to maintain these species in Psaroniocompsa not grouped while the revision of the auristriatum and incrustatum groups sensu Crosskey and Howard (1997; goeldii, C. ulyssesi) (C. cauchense, C. quadrifidum ))) and is caused by one synapomorphy (ratio of male pedicel height / width 1.5-2, character 4:1) and two convergences (maintained with Bootstrap value of 72). There are two final dichotomies: the dichotomy of the group (C. goeldii, C. ulyssesi), defined by the synapomorphy 20:2 (Pupal fronto-clypeus platelets predominantly rectangular) (Bootstrap = 74) and the group (C. quadrifidum, C. cauchense) (Bootstrap = 85) defined by three synapomorphies: 0:1 (ratio of female fronto-ocular area height / width bigger than the double size of the width); 2:2 (female fronto-ocular suture long); 4:2 (ratio of male pedicel height / width longer than 2). Besides of these three synapomorphies, there is a convergence. The genus Shelleyellum was shown as a monophyletic group by two synapomorphies: distimere short conics with
